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(54) Semiconductor laser 

(57) The object of the present invention to provide a 
semiconductor laser that can be fabricated on a GaAs 
substrate and that has an oscillation region in the 1 .3- 
micron band and thus the semiconductor laser of the 
present invention has a quantum well layer made of 
GaAsSb in an active region, this active region being pro- 
vided on a GaAs substrate. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001 ] The present invention relates to a semiconduc- 
tor laser, and more particularly it relates to a edge-emit- 
ting or surface-emitting semiconductor laser that emits 
in the 1 .3-micron band and which can be used in an 10 
optical access system or in a optical Data-link system. 

2. Description of the Related Art 

[0002] An 1 .3-micron band semiconductor laser is an is 
important element for use as a light source in an optical 
access system. Successful lasers made chiefly from 
InGaAsP, InAIGaAs and InAsP on an InP substrate have 
been achieved for use in this wavelength band. 
[0003] However, because the presence of a 1.3- 20 
micron band emitting material on a substrate of GaAs 
enables use of an almost self-aligning material such as 
AIGaAs or AIGaln as an electron -confining layer on a 
GaAs substrate, it is possible to greatly reduce carrier 
leakage, which is a problem occurring with operation at 25 
high temperatures. 

[0004] If a material that emits in the 1 .3-micron band 
is used on a GaAs substrate, by using this in combina- 
tion with a GaAs/AIAs semiconductor multilayer mirror, it 
is possible to achieve a surface-emitting laser in the 30 
long wavelength band of 1 .3 microns. 
[0005] A structure using GalnNAs has been reported 
on by Kando et ai with regard to long-wavelength emit- 
ting materials on a GaAs substrate. In Electronics Let- 
ters, Vol. 32, No. 24 (1996), pp 2244-2245, Kondo et al 35 
reported on a laser oscillation at 1.2 microns, using a 
quantum well structure of a GalnNAs quantum well 
layer and a GaAs harrier layer as the active layer on a 
on a GaAs substrate. 

[0006] There has also been a report of a method of 40 
growing a large island-shaped (dot-shaped) non- 
aligned material on a GaAs substrate, so that, for exam- 
ple, an ln 0 5 Ga 0 5 As crystal with a lattice misalignment 
of 3.5% is caused to grow, this being used as the active 
layer in a long-wavelength semiconductor laser. 45 
[0007] This appeared as a laser using a quantum dot 
as an active layer, in Electronics Letters, Vol. 30, No. 17, 
pp. 1416-1417. 

[0008] However, with the semiconductor laser 
reported on by Kondo et al, the quantum well light-emit- so 
ting layer has a GalnNAs structure, making light emis- 
sion at 1 .3 microns or longer wavelengths dependent 
upon a further increase in the nitrogen component, 
thereby making it difficult to form a high-quality Galn- 
NAs epitaxial growth layer. 5S 
[0009] In the case of using an InGaAs dot on a GaAs 
substrate, because of the small number of ground 
states of the quantum dots, in order to achieve the gain 
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necessary for laser oscillation, as carriers are injected, 
carrier injection reaches a high level, resulting in a 
short-wavelength oscillation. 

[0010] For this reason, the maximum wavelength for 
the case of an InGaAs dot is 1 .1 \im. 
[0011] It is therefore difficult to fabricate a 1.3 \im 
wavelength laser using a quantum dot on a GaAs sub- 
strate. 

[001 2] Accordingly, it is an object of the present inven- 
tion to improve on the above-noted drawback of the 
prior, by providing a semiconductor laser that can be 
fabricated on a GaAs substrate, and that has an oscilla- 
tion region in the 1 .3-micron band. 

SUMMARY OF THE INVENTION 

[0013] In order to achieve the above-noted objects, 
the present invention adopts the following basic techni- 
cal constitution. 

[0014] Specifically, one aspect of the present inven- 
tion is a semiconductor laser which is provided with a 
quantum well layer made of GaAsSb in an active region. 
[001 5] A semiconductor laser according to the present 
invention makes use of the above-noted constitution, a 
feature of which is the provision of a quantum well layer 
made of GaAsSb in an active region, whereby it is pos- 
sible to form a quantum well layer on a GaAs substrate 
and also possible to achieve a semiconductor that has a 
light-emitting region in the 1. 3-micron band, because of 
the use of GaAsSb. 

[001 6] In the present invention, the GaAsSb that forms 
the above-noted quantum well layer has a composition 
that is represented as GaAs^Sbx (where x is the mole 
proportion obtained by dividing the Sb mole amount by 
the total mole amount of As and Sb). 
[0017] This GaAsSb composition, represented by 
GaAs-i.xSbx, is a three-element mixed crystal that is 
based on the two two-element mixed crystals GaAs and 
GaSb, in which the group V elements As and Sb are 
mixed in a sub-lattice. 

[0018] When group V elements mix in this manner in 
a sub-lattice, the bowing of the band gap increases, and 
the band gap becomes narrow. 

[001 9] As the amount of Sb content Sb x is increased, 
because the GaAsSb lattice constant becomes larger 
than the GaAs lattice constant, in order to cause epitax- 
ial growth so that flaws caused by distortion of the GaAs 
substrate do not occur, it is necessary to make the thick- 
ness of the layer thinner, the greater is the Sb content x. 
[0020] For this reason, using a GaAsSb crystal, there 
is an optimum range of Sb content x over which imple- 
mentation is possible without reducing the light-emis- 
sion intensity in the wavelength range from 1 .2 jim to 
1 .3 urn. 

[0021] Specifically, it is desirable that the Sb content 
amount x in the GaAsSb be 0.2 to 0.4 mole with respect 
to a total of 1 mole for As and Sb combined. 
[0022] In this range, it is verified that it is possibl to 
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have a semiconductor laser according to the present 
invention emit light in the wavelength range from 1.2 to 
1 .35 fim. 

[0023] From the newly gained knowledge of the inven- 
tors, in the optimum range of 0.2 to 0.4 mole of Sb con- 
tent, the quantum well layer has a composition 
modulated structure in which there is alternation 
between two types of GaAsSb compositions having dif- 
ferent Sb compositions, for example between GaAs 0 
6 Sb 0 . 4 and QaAs 0 . sSb 0 . 2. in a direction that is different 
from the thickness direction, this typically being in a 
direction that is approximately perpendicular to the 
thickness direction. 

[0024] By virtue of this composition modulated struc- 
ture, there is further encouragement of the narrowing of 
the band gap, making it possible to achieve long-wave- 
length light emission with an even smaller amount of Sb. 
[0025] Fig. 7 shows as an example of the above-noted 
composition modulated structure, a trace of an electron 
microscope photograph of a quantum well layer 702 
having a composition of GaAs 0 . 7Sb 0 3 . 
[0026] In this example, the quantum well layer 702, 
which is epitaxially joined to the (100) surface of the 
GaAs light waveguide layers 701 and 703, has a struc- 
ture that alternates between a region 71 1 having a com- 
position of GaAs 0 . 6 Sb 0 . 4 and a region 712 having a 
composition of GaAso. 8 Sb 0 . 2 - 
[0027] An example of a semiconductor laser accord- 
ing to the present invention will be described in further 
detail below, with reference being made to relevant 
drawings. 

[0028] A semiconductor laser according to the present 
invention is suitable for use in virtually any type of edge- 
emitting or surface-emitting semiconductor laser, in 
which case it is possible to use a substrate made of 
GaAs. 

[0029] A typical edge-emitting or surface-emitting 
semiconductor laser is a so-called double hetero-junc- 
tion semiconductor laser in which the action region that 
is formed between a first light waveguide layer and a 
second light waveguide layer having a different electri- 
cal conductivity, these each being formed on a substrate 
of GaAs or the like, and a typical edge-emitting semi- 
conductor laser is a buried type of semiconductor laser, 
Fig. 1 showing as one example of a semiconductor 
laser of double-channel planar buried hetero-junction 
(DCPBH) structure. 

[0030] That is, in the semiconductor laser that is 
shown in Fig. 1, an active layer 104 that forms an active 
region is provided on, for example, a GaAs 
substrate102, with an n-type GaAs buffer layer therebe- 
tween, a p-type GaAs clad layer 105, a p-type GaAs 
block layer 106, an n-type GaAs layer 107, a p-type 
GaAs buried layer 108, and a p-type GaAs cap layer 
109 being laminated onto the active layer 104 in that 
sequence, a central stripe part of the active layer 1 04 
being surrounded by downward hanging parts 1 1 1 of 
the GaAs blocking layer 106. In this drawing, the refer- 



ence numerals 101 and 1 10 denote electrodes. 
[0031] The semiconductor laser shown in Fig. 2 is 
called a ridge waveguide type semiconductor laser. 
[0032] As shown in this drawing, an active layer 203 

5 that serves as an active region and a p-type light 
waveguide layer 204 are laminated in this sequence 
onto an n-type light waveguide layer 202. 
[0033] Additionally, a high-concentration p-type doped 
contact layer 205 is formed on the p-type light 

10 waveguide 204 and, to achieve current pinching, two 
trench structures 210 are provided, and an insulation 
film 206 is formed so that current does not flow except 
in a ridge 209 that is sandwiched between these 
trenches. 

15 [0034] In this drawing, the reference numerals 207 
and 208 denote a p-type and an n-type contact metal 
film, respectively, 201 is a voltage source, and when a 
voltage is applied across the metal films 207 and 208, 
current flows only in the ridge part 209, with light being 

20 emitted from the active layer 203. 

[0035] The light that is emitted is guided in the ridge 
stripe direction by the upper and lower light waveguide 
layers. 

[0036] The end of the stripe is an open wall surface, 

25 at which part of the light is reflected so that overall opti- 
cal resonance is established. In this manner, laser oscil- 
lations occur at above a threshold current density. 
[0037] Fig. 3 shows a semiconductor laser of the sur- 
face-emitting type, in which for example on a GaAs sub- 

30 strate 301 are formed a multilayer structure n-type and 
p-type distributed Bragg reflector (DBR) formed by 
GaAs/AIAs films 302 and 304, between which is formed 
an active layer 303, with spacers 307 therebetween, 
which will serve as an active region. 

35 [0038] In this drawing, the reference numerals 305 
and 306 denote an anode and a cathode, respectively. 
In the examples shown in Fig. 1 through Fig. 3, the 
GaAs film or the like that is formed on a GaAs substrate 
can be formed as an epitaxially grown layer that is epi- 

40 taxially joined to, for example, the GaAs (100) surface. 
[0039] In the present invention, in the case in which a 
quantum well layer made of GaAsSb is provide in an 
active region, because it is sufficient to provide a quan- 
tum well structure part that includes a quantum weil in 

45 part or all of the active region, the present invention 
encompasses the case in which there is also an active 
region that includes a quantum well structure that does 
not include, for example, a quantum well layer other 
than a quantum layer made of GaAsSb or a quantum 

so well layer made of GaAsSb. 

[0040] In this case, it is desirable that, in a quantum 
well structure that includes a quantum well ride of 
GaAsSb, a barrier layer made of a material having a 
large band gap be provided on both sides of the quan- 

55 turn well layer. 

[0041] For example, in the case in which a hetero- 
junction boundary is formed using GaAsSb and GaAs, 
the difference between the conduction band energies of 
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GsAssb and GaAs, that is, the value of discontinuity 
between the conduction bands is not that great, this 
being only approximately several tens meV, the result 
being that, in order to suppress carrier electron leakage 
at high temperatures, it is effective to create a sand- 5 
wiching by GaAsSb, which has a larger band gap than 
that of GaAs, making it possible to achieve a conduction 
band discontinuity of, for example, 0.1 eV or greater. 
[0042] Specifically, a substance suitable for use as a 
barrier layer can be selected from the group consisting 10 
of AIGaAs, GaAsP, AIGaAsP, GalnP, and AIGalnP. Of 
these materials, if the lattice constant is larger than that 
of GaAs, there is the effect of suppressing compressive 
distortion of the GaAsSb, this resulting in structural sta- 
bility, an advantage from the standpoint of laser reliabil- is 
ity. More specifically, it is desirable that the material be 
selected from the group consisting of GaAsP, AIGaAsP, 
GalnP, and AIGalnP. 

[0043] In these materials, by varying the composition 
of elements that are common to Group III or elements 20 
that are common to Group V, it is possible to achieve a 
lattice constant that is smaller than that of GaAs. 
[0044] It should be noted, however, that in the case in 
which a quantum well layer made of GaAsSb is sand- 
wiched between a barrier layer that has a band gap that 25 
is larger than that of GaAs, there is a great change in 
the quantum level, this causing a shift to a shorter wave- 
length, so that it could be difficult to achieve light emis- 
sion in the 1.3-micron band. 

[0045] This phenomenon becomes prominent when, 30 
because of distortion limitations, the thickness of the 
quantum well layer is restricted to 10 nanometers or 
less. 

[0046] In this case, it is desirable from the standpoint 
of limiting the change in electron quantum level that an 35 
intermediate layer made of a substance having a band 
edge energy that is intermediate between the band 
edge energy of the GaAsSb that forms the quantum well 
layer and the band edge energy of the barrier layer be 
provided between the quantum well layer and the bar- 40 
her layer. 

[0047] A material that is suitable for forming this inter- 
mediate layer can be selected from the group consisting 
of GaAs, GaAsP, and GaAsN. 

[0048] Specifically, when the barrier layer is made of 45 
Al 0 2 Ga 0 . s As . & n effective material to use as the inter- 
mediate layer is a GaAs layer of approximately 3 mole- 
cules. 

[0049] Of the cited materials, a material that has a lat- 
tice constant that is smaller than that of GaAs is desira- so 
ble, as this would result in an improvement in the 
stability with respect to distortion of the laminate struc- 
ture and an increase in the effect of suppressing a 
change in electron level. 

[0050] Specifically, the material can be selected from 55 
the group consisting of GaAsN and GaAsP In these 
materials, by varying the composition of elements that 
are common to Group III or elements that are common 
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to Group V, it is possible to achieve a lattice constant 
that is smaller than that of GaAs. 
[0051] Fig. 4 through Fig. 6 show a specific example 
of an active layers 104 (enlarged part A in Fig. 2), 203, 
and 204, which are provided with a quantum well struc- 
ture that includes the above-noted barrier layer and 
intermediate layer. 

[0052] That is, in the active layer 401 shown in Fig. 4, 
a plurality of quantum well layers 405 that include Sb 
are provided between the upper and lower light 
waveguide layers 402 and 403, a barrier layer 404 being 
provided on each side of each quantum well layer 405. 
[0053] The example of Fig. 5, which is described in 
detail below, has the same structure as in Fig. 4. 
[0054] Next, in the example that is shown in Fig. 6, 
there is an active layer structure that differs from that of 
the active layer 512 of Fig. 5, in which , between the 
lower and upper light waveguide layers 601 and 602, a 
plurality of quantum well layers 604 including Sb are 
provided, a barrier layer 603 being provided on each 
side of each of each quantum well layer 604, and also 
an intermediate layer 605 is provided between the 
quantum well layer 604 and barrier layer 603. 
[0055] A typical thickness of this quantum well layer is 
50 to 100 Angstroms, there being from 1 to 5 and pref- 
erably from 2 to 3 such layers. A typical thickness of the 
barrier layer is 1 00 to 300 Angstroms, with the thickness 
of the intermediate layer being 3 to 5 molecules, this 
being 9 to 15 Angstroms. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0056] 

Fig. 1 is a cross-section view of a DCPBH structure 
semiconductor laser, which is an embodiment of 
the present invention. 

Fig. 2 is a cross-section view of a ridge structure 
semiconductor laser, which is an embodiment of 
the present invention. 

Fig. 3 is a cross-section view of a surface-emitting 
semiconductor laser, which is an embodiment of 
the present invention. 

Fig. 4 is a cross-section view that illustrates the 
configuration of an active region that is a feature of 
a semiconductor laser according to the present 
invention. 

Fig. 5 is a cross-section view that specifically illus- 
trates the characteristics of the active region of a 
semiconductor laser according to the present 
invention. 

Fig. 6 is a cross-section view that illustrates the 
configuration of an active region that is a feature of 
a semiconductor laser according to the present 
invention. 

Fig. 7 is a cross-section view that illustrates the 
composition modulated structure of a GaAsSb 
quantum well layer of the present invention. 
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Fig. 8 is a drawing of the band structure of a semi- 
conductor laser manufactured as an embodiment of 
the present invention. 

Fig. 9 is a drawing of the band structure of a semi- 
conductor laser manufactured as an embodiment of s 
the present invention. 

Fig. 1 0 is a drawing of the band structure of a sem- 
iconductor laser manufactured as an embodiment 
of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0057] Embodiments of a semiconductor laser accord- 
ing to the present invention are described in detail 
below, these embodiments achieving the above-noted 
object of the present invention, but not to be construed 
as placing any restriction on the present invention. 
[0058] The first embodiment of the present invention 
is in the form of a so-called ridge waveguide semicon- 
ductor laser, the method of manufacture of which is 
shown in Fig. 2. 

[0059] The epitaxial growth of layers onto a GaAs sub- 
strate is done using a gas source molecular beam epi- 
taxy method. 

[0060] As shown in Fig. 5. first a silicon doped (3 x 
10 18 cm" 3 ) GaAs buffer layer 502 and then a silicon 
doped (1 x 10 18 cm' 3 ) Al 0 . 4 Gao. 6 As layer 503. having a 
thickness of 1.5 urn are laminated onto a silicon doped 
(3 x 10 18 cm" 3 ) GaAs substrate, so as to form an n-type 
light waveguide 511. 

[0061] Next, an undoped Al 0 2 Gao 8 As layer 506 is 
laminated to a thickness of 40 nanometers, after which 
period laminations are done of a 10-nanometer 
undoped GaAs barrier layer 505 and an 8-nanometer 
strained GaAs 0 . 7 Sb 0 . 3 quantum well layer 504, after 
which a 40-nanometer undoped Al 0 2 Ga 0 . sAs layer 506 
is laminated, thereby forming an active layer 512 that 
serves as an active region. 

[0062] Additionally, onto this active layer 51 2, a 1 .5 \im 
Be-doped (1 x 10 18 cm 3 ) Al 0 4 Gao. 6 As layer 507 is 
laminated so as to form a p-type light waveguide 513, 
and finally a 50-nanometer Be-doped (1 x 10 19 cm" 3 ) 
GaAs contact layer 508 is formed as a p-type contact 
layer. 

[0063] In a ridge stripe laser such as shown in Fig. 2, 
lithography and chemical etching are first used to form 
trenches 210 on both sides of the ridge strip. 
[0064] In the area other than the ridge strip upper sur- 
face, a 200-nanometer-thick Si0 2 insulation film 206 is 
formed, so that it is possible to insert current in only the 
ridge stripe part. 

[0065] Then, a Ti/Au p-type metal contact layer 207 
and a Ti/Au n-type m tal contact layer 208 are formed 
and alloyed. The oscillation wavelength of this semicon- 
ductor laser at room temperature was 1.29 ^m, and the 
threshold current density was 1 .0 kA/cm 2 . 
[0066] The characteristic temperature from room tem- 



perature to 85°C was approximately 80 K. 
[0067] Fig. 8 shows the band structure of the first 
embodiment of the present invention obtained as 
described above. 

[0068] In this drawing, the reference numerals 801, 
802, 803, and 804 denote the bands of the GaAs sub- 
strate 501 , the GaAs buffer layer 502, the Al 0 . 4 Ga 0 . 5 As 
layer 503, and the undoped Al 0 2 Gao 8 As layer 506, 
respectively, 805 and 806 are the bands of the undoped 
GaAs barrier layer 505 and the strained GaAs 0 . 7 Sb 0 3 
quantum well layer 504, respectively, and 807, 808, and 
809 are the bands of the undoped Al 0 . 2 Ga 0 . 8 As layer 
506', the Al 0 . 4 Gao. 6 As layer 507, and the p-type GaAs 
contact layer 508, respectively. 

[0069] In this embodiment, a quantum well layer struc- 
ture is formed by the alternating laminations of the 
GaAs barrier layer 505 and the distorted GaAsSb quan- 
tum well layer 504. 

[0070] A feature of the present invention, as shown in 
Fig. 8, is the use of an Sb-based material as the light- 
emitting layer, and the achievement of light emission at 
a wavelength of 1 .3 urn or greater on a GaAs substrate. 
[0071] Upon observation of the [ - 1 10] cross-section 
of the structure of this GaAsSb layer using a transmis- 
sion electron microscope, a so-called composition mod- 
ulation, in which the Sb composition changed with a 
period of approximately 1 nanometer in a direction per- 
pendicular to the lamination direction, was observed. 
[0072] Fig. 9 shows the band structure of the second 
embodiment of the present invention, this being for the 
case in which a semiconductor laser provided with the 
same type of active region structure as in Fig. 5 is fabri- 
cated. 

[0073] In this embodiment, periodic lamination is done 
of three layers, these being a 40-nanometer undoped 
Al 0 . 2Ga 0 . 8 As layer 506, a 10-nanometer undoped 
AIGaAs barrier layer 505, and an 8-nanometer distorted 
GaAs 0 7Sb 0 3 quantum well layer 504. 
[0074] Over this periodic lamination is further lami- 
nated a 50-nanometer undoped Al 0 , 2 Ga o. 8 A s layer 
506' so as to form an active layer 512. In Fig. 9, the ref- 
erence numerals 901, 902, 903, and 904 denote the 
bands of the GaAs substrate 501 , the GaAs buffer layer 
502, the Al 0 4 Gao 6 As layer 503, and the undoped Al 0 
2 Gao 8 As layer 506, respectively, 905 and 906 are the 
bands of the undoped AIGaAs barrier layer 505 and the 
strained GaAs 0 . 7Sb 0 . 3 quantum well layer 504, respec- 
tively, and 907, 908, and 909 are the bands of the 
undoped Al 0 2 Gao 8 As layer 506\ the Al 0 4 Ga 0 . 6 As 
layer 507, and the p-type contact layer 508, respectively. 
[0075] By using an Al 0 2 Ga 0 . 8 A s layer as the barrier 
layer 505 of the quantum well layer structure, it is possi- 
ble to make the discontinuity in the conduction band 
approximately 200 meV, thereby enabling achievement 
of sufficient electron confinement. 
[0076] When a semiconductor laser having this type 
of active region was applied to a ridge waveguide type 
semiconductor laser such as in the first embodiment, it 
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was found that the light emission wavelength at room 
temperature was 1.26 urn and the tnreshold current 
density was 1.1 kA/cm 2 . 

[0077] The characteristic temperature from room tem- 
perature to 85°C was approximately 100K. 
[0078] The reason that the emission wavelength is 
shorter than the case of the first embodiment, in which 
AIGaAs is used in the barrier layer is that, by using 
AIGaAs in the barrier layer, there is a general shift in the 
electron quantum energy level to the high side. 
[0079] Because AIGaAs is used to achieve a structure 
with sufficient electron confinement, there was an 
increase of the characteristic temperature from room 
temperature up to 85°C to 1 00K. 
[0080] In this embodiment, although the description 
was for the case of using AIGaAs as the barrier layer, it 
should be noted that this can also be made of GaAsP, 
AIGaAsP, GalnP, or AIGaln or the like. 
[0081] In particular, if the material has a lattice con- 
stant that is smaller than GaAs, there is the effect of 
suppressing compressive strain of the GaAsSb, this 
resulting in structural stability, an advantage from the 
standpoint of laser reliability. 

[0082] Fig. 10 shows the band structure for the case 
of the third embodiment of the present invention, this 
being a semiconductor laser which is provided with an 
active region having the same structure as shown in 
Fig. 6. 

[0083] The active region 512 has a 40-nanometer 
undoped Al 0 . 2 Gao aAs layer 601 and a 10-nanometer 
undoped AIGaAs layer 603, which serves as a barrier 
layer, and the quantum well layer 604 is an 8-nanometer 
strained GaAs 0 7 Sb 0 3 layer, on both sides of which are 
formed an intermediate layer 605, which has a conduc- 
tion band energy that is intermediate between that of 
the barrier layer 603 and the quantum well layer 604. 
[0084] In this embodiment, a 0.9-nanometer GaAs 
layer is used as the intermediate layer. 
[0085] A periodic lamination of the above-noted three 
layers was done to form the quantum well layer in this 
manner, over which a 50-nanometer undoped Al 0 2 
Gao 8 As layer 602 was laminated to form the active 
region 512. 

[0086] In Fig. 10, the reference numerals 1001, 1002, 
1003, and 1004 are the bands of the GaAs substrate 
501 , the GaAs buffer layer 502, the Ai 0 4 Gao. 6 As layer 
503, and the undoped Al 0 2 Ga 0 8 As layer 601 , respec- 
tively, 1005, 1006, and 1007 are the bands of the 
undoped AIGaAs barrier layer 603, the distorted GaAs 0 
7Sbo. 3 quantum well layer 604, and the intermediate 
layer 605, and 1008, 1009, and 1010 are the bands of 
the undoped Al 0 2 Ga 0 . 8 As layer 506', the Al 0 4 Ga 0 . 
6 As layer 507. and the p-type GaAs contact layer 508, 
respectively. 

[0087] By using an Al 0 . 2 Ga 0 . 8 As layer as the barrier 
layer 603 of the quantum well layer structure, it is possi- 
ble to make the non-continuity in the conduction band 
approximately 200 meV, thereby enabling achievement 



of sufficient electron confinement. 
[0088] Additionally, by providing a GaAs intermediate 
layer between the quantum well layer 604 and the bar- 
rier layer 603, it is possible to suppress a shift of elec- 

s tron quantum energy level to the high side and further 
possible to reduce the influence from the non-emitting 
junction centers in the AIGaAs layer. 
[0089] When a semiconductor laser having this type 
of active region was applied to a ridge waveguide type 

10 semiconductor laser such as in the first embodiment, it 
was found that the light emission wavelength at room 
temperature was 1.28 ^m and the threshold current 
density was 0.9 kA/cm 2 . 

[0090] The characteristic temperature from room tem- 
is perature to 85°C was approximately 1 00K. 

[0091] The reason that the emission wavelength is 
longer than the case of the second embodiment, in 
which AIGaAs is used in the barrier layer is that, by 
using GaAs as an intermediate layer, there is a suppres- 
20 sion in the shift in the electron quantum energy level to 
the high side. 

[0092] Also, by using a GaAs intermediate layer, the 
threshold current density is reduced in comparison with 
the case of the second embodiment, which uses 
25 AIGaAs. 

[0093] In this embodiment, although the description 
was for the case of using GaAs as the barrier layer, it 
should be noted that this can also be made of GaAsP, 
GaAsN or the like, in which case, if the material such as 
30 GaAsN, which has a lattice constant that is smaller than 
GaAs is selected, there is the effect of suppressing 
compressive strain of the GaAsSb, this resulting in 
structural stability, an advantage from the standpoint of 
laser reliability. 

35 [0094] In Fig. 8 through Fig. 1 0, the reference numer- 
als 81 1 , 91 1 , and 1 01 1 denote the range of each of the 
active layers. 

[0095] While it is possible to fabricate the above-noted 
semiconductor lasers using the gas source molecular 

40 beam epitaxy method, fabrication is also possible using 
the metal organic vapor phase growth (MOVPE) 
method ,and it is additionally possible to use as a light- 
confining structure of the active region a GRIN-SCH 
(graded index separate confinement heterostructure) 

45 which has a modified AIGaAs composition. 

[0096] By adopting the technical constitution 
described in detail above, a semiconductor laser 
according to the present invention, provided with a 
quantum well layer made from GaAsSb in an active 

so region, enables the formation of this quantum well layer 
on a GaAs substrate, and further enables the achieve- 
ment of a semiconductor laser that emits light in the 1 .3- 
micron band, using this GaAsSb. 

55 Claims 

1 . A semiconductor laser comprising a quantum well 
layer that is made from GaAsSb in an active region. 
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2. A semiconductor laser according to claim 1, 
wherein the amount of Sb contained in said 
GaAsSb is in the range from 0.2 to 0.4 moles with 
respect to a total 1 mole amount of As and Sb. 

5 

3. A semiconductor laser according to claim 2, 
wherein a plurality of said GaAsSb layers are adja- 
cently arranged to each other. 

4. A semiconductor laser according to claim 3. 10 
wherein said quantum well layer exhibits composi- 
tion modulation, in which the Sb content of said 
GaAsSb alternates in a direction that is different 
from the thickness direction thereof. 

75 

5. A semiconductor laser according to claim 4, 
wherein said quantum well layer exhibits composi- 
tion modulation, in which the Sb content of said 
GaAsSb alternates in a direction that is nearly per- 
pendicular to the thickness direction thereof. 20 

6. A semiconductor laser according to claim 3, 
wherein said Sb content of at least one of said 
GaAsSb layers is different from that of the remain- 
ing said GaAsSb layers. 25 

7. A semiconductor laser according to claim 1, 
wherein said active region is provided on a GaAs 
substrate. 

30 

8. A semiconductor laser according to daim 7, 
wherein said active region is provided between a 
first light waveguide layer having a first conductivity 
and a second light waveguide layer having a sec- 
ond conductivity that is different from said first con- 35 
ductivity. 

9. A semiconductor laser according to any of claim 1 
through claim 8, comprising a quantum well struc- 
ture part that includes said quantum well layer in a 40 
least part of said active region. 

10. A semiconductor laser according to claim 9, com- 
prising a barrier layer that has a band gap that is 
larger than GaAs, said barrier layer being disposed 45 
on both sides of said quantum well layer. 

11. A semiconductor laser according to claim 10, 
wherein the material used to form said barrier layer 

is selected from the group consisting of AIGaAs, so 
GaAsR AIGaAsP, GalnP and AIGalnP 

12. A semiconductor laser according to claim 10, 
wherein the lattice constant of said barrier lay r is 
smaller than the lattice constant of GaAs. 55 

13. A semiconductor laser according to claim 12, 
wherein the material used to form said barrier layer 



is selected from the group consisting of GaAsP, 
AIGaAsP, GalnP, and AIGalnP. 

14. A semiconductor laser according to claim 10, fur- 
ther comprising, between said quantum well layer 
and said barrier layer, an intermediate layer that is 
made of a material that has a band edge energy 
that is intermediate between the band edge energy 
of said quantum well layer and the band edge 
energy of said barrier layer that forms said quantum 
well layer. 

15. A semiconductor laser according to claim 13, 
wherein the material that forms said intermediate 
layer is selected from the group that consists of 
GaAs, GaAsP, and GaAsN. 

16. A semiconductor laser according to claim 14, 
wherein the lattice constant of the material that 
forms said intermediate layer is smaller than the lat- 
tice constant of GaAs. 

17. A semiconductor laser according to claim 16, 
wherein the material that forms said intermediate 
layer is selected from the group that consists of 
GaAsN and GaAsP. 
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